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A steel cord (10) with improved resis- 
tance against filament migration comprises one 
or more steel core filaments (12) functioning as 
core, three or more steel layer filaments (14) 
functioning as layer and twisted around the core, 
a plurality of steel outer layer filaments (16) 
twisted around the layer. The steel cord further 
comprises an amount of polymer material (18) 
having a melting point above the vulcanization 
temperature. The amount of polymer material 
does not exceed the volume of interstices be- 
tween the core filaments and the layer filaments. 
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STEEL CORD WITH POLYMER MATERIAL 
Field of the invention 

The present invention relates to a method of avoiding filament migration 
in a steel cord for the reinforcing a ply of a rubber tire. The invention 
also relates to a steel cord with improved resistance against filament 
migration. The invention is mainly focused on a carcass ply of a radial 
tire, but the invention is also applicable to the belt ply, the chafer ply or 
the flipper ply of a radial tire. 

Background of the invention 

Steel cords adapted for the reinforcement of radial tires are widely 
known in the art. Amongst these steel cords, steel cords with a compact 
configuration have known a lot of commercial success. Within this 
context, the terms 'compact configuration 1 refer to steel cords having at 
least one layer and where this layer is saturated, i.e. has no or very small 
spaces between adjacent filaments of the same layer. The reasons for 
that success are that steel cords with a compact configuration provide a 
high amount of steel per unit of cross-sectional surface and that steel 
cords with a compact configuration may be manufactured in an 
economical way, e.g. in one single twisting step. Steel cords with a 
compact configuration, however, suffer from filament migration, e.g. 
migration of core filaments or of a core filament. Filament migration is 
the phenomenon that one or more filaments shift lengthwise with respect 
to their neighbors, and emerge at one end of the cord, puncturing 
through the rubber and damaging the tire. The cause of filament 
migration has been explained as a lack of anchorage of the respective 
filaments in the steel cord. The lack of anchorage of core filament(s) 
surrounded by a saturated layer of layer filaments is considered to be 
due to the lack of contact between the layer filaments and the core 
filament(s). Indeed, due to small deviations from the standard filament 
diameter and/or due to the fact that filaments occupy more place in a 
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layer than originally calculated (in fact they are more ellipses than true 
circles as a consequence of the twisting step and consequently occupy 
more space than circles), strong contacts are present between the 
filaments of a saturated layer at the cost of contact with the core 
filaments. 

Prior art document US-A-4 783 955 has tried to solve this problem of 
filament migration by increasing the diameter of problem filaments where 
migration is likely to occur, for example, the core filaments so that 
contact is generated between these filaments and the surrounding 
filaments of the layer. This solution, however, suffers from the drawback 
that two different filament diameters must be used : the thicker 
filament(s) for the core and the thinner filaments for the layer(s). Another 
drawback is that, as a consequence of this diameter difference, the layer 
or layers are no longer saturated, Le. there are spaces between adjacent 
filaments so that the cross-sectional configuration is no longer compact 
Still another drawback is that anchorage of the core filaments largely 
depends upon the way of manufacturing the steel cord. Twisting the 
layer filaments relatively loosely around the core filaments does not 
create the expected contact pressure between core filament(s) and layer 
filaments and can still lead to core filament migration. Twisting the layer 
filaments under an increased tensile tension around the core filaments 
creates the expected anchorage but too high tensile tensions may lead 
to considerable fretting on the core filament(s). 

In prior art document US-A-5,279,695 a solution has been provided to 
solve the aforementioned problems. This solution involves incorporating 
syndiotactic-1,2-polybutadiene in the interstices between the individual 
steel filaments of a steel cord. Due to this solution steel cords with 
improved fatigue resistance, improved corrosion resistance and 
resistance against filament migration have been obtained. Syndiotactic- 
1 ,2-polybutadiene has been chosen because of its unique combination 
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of properties to cocure with and bond to rubber, its compatibility with 
typical tire rubbers, its compatibility with conventional curatives and its 
ability to be melted and processed like other thermoplastics. At the 
vulcanization stage the syndiotactic-1 ,2-polybutadiene melts and 
disperses throughout the interstices between the steel filaments in the 
cord. The adhesion between the syndiotactic-1 ,2-polybutadiene and the 
brass coating of the steel filaments is quoted as rather moderate or low. 
US-A-5, 279,695 is also aimed at improving the corrosion resistance of 
steel cords. As a result of this, syndiotactic-1 ,2-polybutadiene is 
provided in all interstices between individual filaments of a steel cord, 
which considerably increases the bending stiffness of such a steel cord. 

Summary of the invention 

It is an object of the present invention to avoid the drawbacks of the prior 
art. 

It is another object of the present invention to provide an alternative to 
syndiotactic-1 ,2-polybutadiene which enables to obtain the same 
advantages or similar advantages. 

It is also an object of the present invention to provide a steel cord with a 
decreased bending stiffness. 

According to one aspect of the invention there is provided a method of 
avoiding filament migration in a steel cord for reinforcing a ply of a rubber 
tire. 

The method comprises the following steps : 

(a) providing one or more steel filaments with a metallic coating in order 
to function as core filaments of a cord ; 

(b) providing three or more steel filaments with a metallic coating in 
order to function as layer filaments around said core filaments in said 
cord ; 

(c) selecting a polymer material which does not melt at a temperature at 
which the rubber of the ply is vulcanized ; 
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(d) determining an amount of the selected polymer material so that the 
amount of selected polymer material does not exceed the volume of 
interstices between filaments to be coated and any filaments which 
are to lie adjacent said filaments to be coated in the finally twisted 

5 cord; 

(e) surrounding one or more of the core filaments and / or of the layer 
filaments with said determined amount of polymer material ; 

(f) twisting the layer filaments around the surrounded core filaments in 
order to obtain said cord ; 

10 (g) embedding the obtained cord in a rubber ply under vulcanization 

temperature, whereby said polymer material does not melt. 



In one embodiment of the invention, the core filament or core filaments 
are surrounded by polymer material. Preferably there is only polymer 
15 material provided in the interstices between the core filaments and the 

neighboring layer filaments. 

In another embodiment of the invention, some or all of the layer filaments 
are surrounded by polymer material. 

20 

The number of core filaments can be one, two, three or four. 

The number of layer filaments is always greater than the number of core 

filaments and can be three to nine or higher. 

An additional outer layer of outer layer filaments can be twisted around 
25 the layer filaments so that a two-layer configuration is obtained : 

a (intermediate) layer with (intermediate) layer filaments around the core 
structure and an outer layer with outer layer filaments around the 
(intermediate) layer. 



30 



An example of a two-layer configuration is : 
1xD,+6xD 2 +12x0 3 
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ln a preferable embodiment of the invention all the filament diameters D 1t 
D 2 and D 3 are equal to D. 

A wrapping filament may be wrapped around the steel cord or not. 

The polymer material is selected amongst : 

- a thermoplastic polyester based on polybutylenterephtalat or on 
polyethelenterephtalat ; 

- a copolyester ; 

- a thermoplastic polyurethane ; and 

- a polyamide. 

Preferably the polymer material is selected so that said polymer material 
adheres to the metallic coating such as brass or zinc. 

In a preferable embodiment, the number of layer filaments, and as the 
case may be. the number of outer layer filaments, and the way of 
twisting is so chosen that the final cord has a compact configuration, i.e. 
that the average space between two neighboring layer filaments (and 
between two neighboring outer layer filaments) is smaller than 0.1 x D„ 
where D, is the average diameter of all the (outer) layer filaments. 

In case of a 1xD + 6xD or a 1xD + 6xD + 12x D configuration where the 
single core filament is surrounded by polymer material, the average 
thickness of the polymer layer around the single core filament is 
preferably smaller than 0.080 x D, e.g. about 0.076 x D. This is about 
the quantity of polymer just needed to fill up the voids between the core 
filament and the six surrounding intermediate layer filaments. Within the 
context of the present invention, the 'average thickness of the polymer' 
equals to the average thickness of the polymer layer just before the 
twisting of the layer around the core. 
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According to a second aspect of the present invention, there is provided 
a steel cord with improved resistance against filament migration. The 
steel cord comprises one or more steel core filaments functioning as 
core, three or more steel layer filaments functioning as layer and twisted 

5 around the core, and a plurality of steel outer layer filaments twisted 

around the layer. The steel cord further comprises an amount of 
polymer material with a melting point above the vulcanization 
temperature. The amount of polymer material does not exceed the 
volume of interstices between a selection of core filaments and layer 

10 filaments. 

Brief description of the drawings 

The invention will now be described into more detail with reference to the 
accompanying drawings wherein 

FIGURE 1 shows a transversal cross-section of a 1+6+12-steel 
cord according to the invention where the core structure comprises 
polymer material and one filament ; 

FIGURE 2 shows a detailed view of the transversal cross-section 
of FIGURE 1 ; 

FIGURE 3 shows a transversal cross-section of a 3+9+1 -steel 
cord according to the invention where the core structure comprises 
polymer material and three filaments ; 

FIGURE 4 shows a detailed view of the transversal cross-section 
of FIGURE 3 ; 

FIGURE 5 shows a transversal cross-section of a 1+6+12 steel 
cord according to the invention where three of the six layer filaments ; 

FIGURE 6 shows a transversal cross-section of a steel core 
filament surrounded by a polymer material ; 

FIGUFtE 7 helps to explain a standard test for determining the 
anchorage of some filaments in the steel cord. 



15 



20 



25 



30 



WO 99/31313 



PCT/EP98/08122 



Description of the preferred embodiments of the invention 
FIGURE 1 shows a transversal cross-section of a 1+6+12-steel cord 10 
according to the invention. The steel cord 10 comprises a core structure 
with one steel core filament 12, an intermediate layer of intermediate 
5 layer filaments 14 surrounding the core structure and an outer layer of 

outer layer filaments 16 surrounding the intermediate layer. The core 
structure also comprises polymer material 18 which adheres to the core 
filament 12 and to the intermediate layer filaments 14. 
As is shown clearly in FIGURE 2, there is just enough or almost enough 

10 polymer material 18 to fill up the voids between the core filament 12 and 

the intermediate layer filaments 14 so that the intermediate layer 
filaments still can form a saturated layer, i.e. a layer with no or very small 
spaces between neighboring intermediate layer filaments. 
The adhesive function of the polymer material 18 ensures that core 

15 filament 12 is kept in place during repeated bendings and that core 

filament migration is avoided, irrespective of the contact pressures 
between the intermediate layer filaments 14 and the core filament 12 and 
irrespective of the applied tensions on the relevant filaments during 
twisting process. The polymer material 18 need not to and in fact does 

20 not interact with the rubber of the eventual tire ply since the melting 

temperature of the polymer material 18 must be higher than the 
vulcanization temperature. 

The choice of a 1+6+12 configuration allows to use the same diameter D 
for all filaments 12, 14 and 16, which avoids the need to keep the 

25 respective filaments separately and which allows to obtain a saturated 

intermediate layer and a saturated outer layer if all filaments are twisted 
in the same direction and at the same twisting step. 
However, within the context of the present invention, other configurations 
may be considered, such as e.g. a 1+7+14 steel cord. 

30 Summarizing, a steel cord with a compact configuration and without 

filament migration is obtained by using filaments with all the same 
diameter, by twisting them in the same direction and with the same step 
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without taking special measures with respect to the applied tensions on 
the filaments during twisting. 

FIGURE 3 shows the transversal cross-section of yet another 
5 embodiment of a steel cord according to the invention. Here we have a 

3+9+1 structure. The core structure comprises three core filaments 12 
and the only layer has nine steel layer filaments 14. A wrapping filament 
20 surrounds the layer. Referring to both FIGURE 3 and FIGURE 4 
polymer material 18 realizes the adhesion bond between the three core 
10 filaments 12 and the nine layer filaments 14. Here again, use of the 

same filament diameter D for both the core filaments 12 and for the layer 
filaments 14 leads to a compact configuration if the amount of polymer 
material 18 is just enough to fill up the interstices between the core 
filaments 12 and the layer filaments 14. 

FIGURE 5 shows a transversal cross-section of another 1+6+12 steel 
cord according to the invention. In this embodiment only three of the six 
layer filaments 14 have been surrounded with a polymer material 18. 
The other three layer filaments 14* have not been surrounded by polymer 
20 material 18. The surrounded filaments 14 alternate with the non- 

surrounded filaments 14* around the single core filament 12. The 
amount of polymer material 18 is such that it fills the interstices between 
the layer filaments 14, layer filaments 14\ core filament 12 and some 
outer layer filaments 16. 

25 

Other alternative embodiments are also possible. For example it is 
possible to surround all six layer filaments 14, 14' with a polymer material 
18. 

In yet another alternative embodiment the core filament 12, and all the 
30 layer filaments 14, 14' are surrounded by a polymer material 18. 
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Summarizing, following variations are possible with a 1+6+12- 
construction : 

1+polymer + 6+12 

1 + 6+polymer +12 

1 + 3+polymer + 3 +12 . 

1 +polymer + 6+polymer +12 
In each embodiment the polymer material preferably does not protrude 
to between and through some of the twelve outer filaments 16. 

A steel cord according to the invention may be manufactured by first 
extruding a core filament 12 with the necessary amount of polymer 
material 18 and by subsequently twisting the layer filaments around the 
extruded core filament 12. Dependent upon the type of polymer 
material, a primer may be required to obtain an acceptable adhesion 
bond between the polymer material and the steel filament. The primer 
can be on the basis of a solvent or on the basis of a hot melt and is 
applied to the filament before the extrusion process. The steps of 
application of the primer, extrusion and twisting are preferably done in 
one continuous line operation. 

FIGURE 6 illustrates a cross-section of a core filament 12 with the 
extruded polymer material 18 just before the twisting step. 
In case of a 1+6 or 1+6+12 compact configuration, with all filament 
diameters equal to D. the optimal average thickness of the polymer 
material is given by : 




30 



In case of a 1 +6 or 1+6+12 compact configuration, with all layer filament 
diameters equal to D, but with a core filament diameter d smaller than O, 
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the optimal average thickness of the polymer material is given by : 
A, — 

In the more general configuration of a 1xd + nxD + mxD, with n £ 3, the 
optimal average thickness of the polymer for the case d £ D, is given by : 

and the optimal average thickness of the polymer for the case d < D is 
given by 

"-^V^F 7 '- -£•"»-($-)] 

wherein 

D = d [ sin p (sin p + 1) ] / 1 - sin 2 p ] 
with p = n/n and n £ 3 

Within the context of the present invention a polymer material is said to 
adhere to a surrounded steel filament when the steel filament coated 
with the polymer material obtains a rating of 0 to 3, preferably 0 to 2, 
according to the following standard test. This standard test to evaluate 
the adhesion or bond between the synthetic coating and the tensile 
member is carried out as follows. 

A length of a steel filament coated with polymer material is taken. The 
polymer material is removed in the longitudinal direction over about five 
cm length on both sides of the filament, diametrically towards each other 
by means of the sharp side of a cutting knife. By means of the blunt side 
of the cutting knife the polymer material is slightly lifted. Finally, the 
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polymer material is tried with the fingers to be pulled off the steel 
filament. 



An evaluation is made according to following observations : 



Rating 


Description 


0 more than 
excellent 


Nothing can be removed from the filament, the lifted 
polymer material breaks right away when pulling. 


1 excellent 


No further polymer material can be pulled off with the 
fingers but very small parts can be removed by means 
of a knife. 


2 good 


Small strips of less than 1 cm can be pulled off with 
great difficulty or by pulling very carefully. 


3 less good 


Strips of about 2 cm can be pulled off with some 
difficulty or by pulling carefully. 


4 bad 


Strips of 2 cm can be pulled off very easily. | 


5 bad 


The polymer film is hanging loose after having removed 
the coating on both sides. 



Comparison Tests 

A steel cord as used in the present invention has been compared with 
two other prior art steel cord constructions. 

Prior art construction ® is a 0.20 + 6x0.175 + 12x0.175 compact cord, 
10 twisted in Z-direction with step 10 mm and with all filaments with a brass 

coating. 

Prior art construction @ is a 0.20 + 6x0.175 + 12x0.175 compact cord, 
twisted in Z-direction with step 10 mm, with a zinc coated core filament 
and with brassed intermediate and outer layer filaments. 
15 The invention cord is [0.15 + polymer] + 6x0.175 + 12 x0.175. The twist 

direction is Z and the twist step is also 10 mm. 

Table 1 hereunder mentions the obtained results from a fatigue test and 
from a core pull out test. 



20 
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Table 1 : 





Pull out 


fatigue resistance 


remarks 




force (N) 


(nr of cycles 








before fracture) 




prior art © 


9 


121 000 ± 15 300 


only core filament pulled 




6 




out 


prior art Q> 


11 


110 000 ±22 000 


only core filament pulled 




17 




out 




13 








16 






invention 


37 


134 400 ± 20 500 


1 +6 is pulled out 




42 








32 







The pull out force is greater for an invention cord than for the prior art 
cords. This means that the anchorage of the core structure in an 
invention cord is greater than the anchorage of the core structure in the 



5 tested prior art cords. 

In the test, for the prior art cords, only the core filament is pulled out of 
the cord whereas for the invention cord the core filament and the 
intermediate layer is pulled out of the cord. This means that due to the 
polymer material, the core filament adheres better to the surrounding 

1 0 intermediate layer filaments than the intermediate layer filaments adhere 

to the surrounding outer layer filaments. This is remarkable having 
regard to the much smaller surface available between the core filament 
and the intermediate layer filaments. 

15 The pull out force is defined as the force expressed in Newton required 

to remove longitudinally the core filament(s) over a length equal to a 
predetermined number of times the lay length of the cord out of the layer 
filaments or layer strands. 
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With reference to FIGURE 7, the test for determining this pull out force is 
carried out as follows. A predetermined sample length AD of a steel 
cord 10 greater than I (I = a number of times the lay length of the cord) is 
cut at both sides A and D and the length I = BC is marked in the middle 
5 of the sample length, e.g. by means of a plastic tape. 

Steel cord 10 is disassembled over AB and all layer filaments or (layer 
strands) are cut away in B without damaging the core filament or core 
filaments. Steel cord 10 is again disassembled over CD, but now the 
core filament(s) is (are) cut away in point C. The disassembled layer 
10 filaments or layer strands are assembled again and welded together at 

point D. 

Cord end CD is fixed in a fixed clamp of a tensile tester and cord end AB 
is fixed in a moving clamp of the tensile tester. 

The tensile test is stopped when the recorded force drops considerably 
15 below the maximum recorded force or after a predetermined time. The 

maximum recorded force is the core pull out force. 

Table 1 also reflects that the fatigue resistance of the tested invention 
cord is comparable to or slightly better than that of the tested prior art 
20 cords. 

The fatigue resistance of the cords has been determined in the cords 
embedded in rubber. Rubber embedded steel cords of a definite length 
are gripped at both ends, bent over a test pulley of a specified radius, 
25 and cycled under a specified preload over a certain stroke until break. 



Prior art constructions © and © and the cord which is used in the 
method according to the invention have also be subjected to an endless 
belt test. An endless belt test has been fully disclosed in Luc Bourgois, 
30 Belt Test for the Evaluation of the Fretting Fatigue and Adhesion 

Behavior of Steel Cord in Rubber, Tire Reinforcement and Tire 
Performance, ASTM STP 694, 1979, pp 103-109. 
To that end prior art construction ©, prior art construction <2> and the 
cord according to the invention are embedded in three distinct rubber 
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belts each with a density of 18 ends per decimeter (EPDM). The three 
belts then undergo 10 8 cycles under an axial tension of 400 MPa over 
two pulleys with a diameter of 143 mm. The tables hereunder mention 
the obtained results. 

5 

Table 2 : Breaking load of the cords : 





breaking load F m (N) 




as such 


after endless 
belt test 


loss 

(%) 


prior art © 


1395±17 


1332±50 


4.5 


prior art <2) 


1419±1 


1344±36 


5.3 


Invention 


1393±4 


1401 ±14 


-0.6 => 0 



The fatigue resistance of the individual filaments is then determined 
according to the test conditions mentioned in Table 3 hereunder. 



Table 3 : Test conditions : 



Filament 


roll diameter 


axial loading 


speed 


diameter 


(mm) 


(gram) 




(mm) 








0.15 


3.5 


980 


130 cycles/min 


0.175 


4.0 


980 


1 cycle = 


0.20 


4.5 


1280 


2 bendings 
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Table 4 : Fatigue resistance of the individual filaments : 





number of cycles before fracture 




as such 


after endless 
belt test 


loss 
(%) 


prior art (D 








core 


302±47 


187±88 


38 


outer layer 


355±37 


306±50 


14 


prior art ® 








core 


303±18 


300±18 


1.0 


outer layer 


363±37 


343±34 


5.5 


Invention 








core 


419±39 


382±55 


9.0 


outer layer 


352±35 


318±38 


10.0 



A visual analysis of the prior art constructions CD and ® and of the cord 
used in the method of the invention had led to following results with 
5 respect to fretting behavior. 



Table 5 : Visual analysis of fretting behavior : 





code 




outside of cord 


inside of cord 


prior art © 


1 


2-3 


prior art ® 


1-2 


2 


invention 


1 


1 



The code numbers in Table 5 have following meaning : 
code 0 : no fretting 



10 code 1 : very little to slight fretting 

code 2 : moderate fretting 
code 3 : pronounced fretting 
code 4 : heavy fretting. 
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During the 10 8 cycles of the endless belt test prior art constructions CD 
and <Z> showed core filament migration after 4.10 7 cycli whereas the cord 
used in the method according to the invention did not show core filament 
migration after the full 10 a cycli. 

Steel cords adapted for the reinforcement of rubber radial tires, more 
particularly for the reinforcement of carcass plies of radial tires, have 
following features. The diameter of the individual steel filaments or steel 
wires range from 0.04 mm to about 0.40 mm, particularly from 0.04 mm 
to 0.25 mm. 

The steel composition is along following lines : a carbon content between 
0.70 % and 1.10 %, a manganese content between 0.40 % and 0.70 %, 
a silicon content between 0.10 % and 0.40 %, a maximum sulphur 
content of 0.03 %, a maximum phosphorus content of 0.03 %. Micro- 
alloying with particular elements such as chromium, nickel, vanadium, 
boron, cobalt, copper, molybdenum etc. is not excluded for amounts 
ranging from 0.01 % to 0.50 %. 

The steel structure is preferably pearlite, but martensite is not excluded. 
The steel filaments are conveniently coated with a metallic layer such as 
brass (63.5 - 67.5 % Cu + 36.5 - 32.5 % Zn) zinc, or a zinc alloy 
(example : Zn + 2 k 12 % Al + Mischmetal) in order to facilitate the final 
drawing steps and/or to provide an adhesion with the elastomer or to 
provide a corrosion resistance. 

The tensile strength of the steel wires or steel filaments ranges from 
2200 MPa (1 MPa = 1 Newton/mm 2 ) to 4000 MPa and more and is 
mainly dependent upon the final diameter, the exact composition 
(amount of carbon + amount of micro-alloying components) and on the 
amount of final drawing. 
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CLAIMS 

1. A method of avoiding filament migration in a steel cord for reinforcing 
a ply of a rubber tire 

5 said method comprising the following steps : 

(a) providing one or more steel filaments with a metallic coating in 
order to function as core filaments of a cord ; 

(b) providing three or more steel filaments with a metallic coating in 
order to function as layer filaments around said core filaments in said 

10 cord; 

(c) selecting a polymer material which does not melt at a temperature 
at which the rubber of the ply is vulcanized 

(d) determining an amount of the selected polymer material ; 

(e) surrounding one or more of the core filaments and / or of the layer 
15 filaments with said determined amount of polymer material ; 

(f) twisting the layer filaments around the surrounded core filaments 
in order to obtain said cord ; 

(g) embedding the obtained cord in a rubber ply under vulcanization 
temperature, whereby said polymer material does not melt, 

20 

2. A method according to claim 1 wherein said amount of the selected 
polymer material is determined so that it does not exceed the volume 
of interstices between filaments to be coated and any filaments which 
are to lie adjacent said filaments to be coated in the finally twisted 

25 cord. 



3. A method according to claim 1 or claim 2 wherein one or more of the 
core filament are surrounded with said determined amount of 
polymer material. 
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4. A method according to claim 1 or claim 2 wherein one or more of the 
layer filaments are surrounded with said determined amount of 
polymer material. 

5. A method according to any one of the preceding claims wherein said 
polymer material is selected amongst a thermoplastic polyester 
based on polybutylenterephtalat or on polyethylenterephtalat, a 
copolyester, a thermoplastic polyurethane and a polyamide. 

6. A method according to any one of the preceding claims wherein said 
polymer material is selected so that said polymer material adheres to 
said metallic coating. 

7. A method according to any one of the preceding claims where said 
method comprises the step of selecting the number of layer filaments 
such that they have an average space of 0.1 x D| between each 
other in the final cord, where all layer filaments have the same 
diameter Dj. 

8. A method according to any one of the preceding claims wherein said 
method comprises the steps of : 

- providing a number of steel filaments in order to function as outer 
layer filaments around said layer filaments ; 

- twisting said outer layer filaments around the layer filaments before 
bringing the cord in said rubber ply. 

9. A method according to any one of the preceding claims wherein said 
method comprises the steps of : 

- providing a filament in order to function as a wrapping filament ; 

- wrapping said wrapping filament around the cord before bringing 
the cord in said rubber ply. 
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10. A method according to any one of the preceding claims wherein all 
core filaments, all layer filaments and all outer layer filaments are 
selected as to have a substantial same diameter D. 

5 1 1 . A method according to claim 10 wherein 

- one core filament is provided ; 

- six layer filaments are provided ; 

- twelve outer layer filaments are provided. 

10 12. A method according to claim 1 1 wherein the amount of selected 

polymer material is determined that it has an average thickness of 
less than 0.080 x D. 

13. A method according to any one of the preceding claims wherein all 
15 filaments of the core and the layer or layers are twisted in the same 

sense and at the same pitch, 

14. A steel cord with improved resistance against filament migration, 
said steel cord comprising one or more steel core filaments 

20 functioning as core, three or more steel layer filaments functioning as 

layer and twisted around the core, a plurality of steel outer layer 
filaments twisted around the layer, 

said steel cord further comprising an amount of polymer material 
having a melting point above the vulcanization temperature, 
25 characterized in that 

the amount of polymer material does not exceed the volume of 
interstices between a selection of core filaments and layer filaments. 
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15. A steel cord according to claim 14 wherein there is no polymer 
material present between the layer filaments and the outer layer 
filaments. 
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16. A steel cord according to claim 14 or 15 wherein there is one core 
filament, six layer filaments and twelve outer layer filaments. 

17. A steel cord according to claim 16 wherein the six layer filaments and 
the twelve outer layer filaments are all twisted in the same sense and 
with the same twisting step. 
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Fig. 5 
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